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represented by Formula 1, and a coating layer which 1s

disposed on a surface of the lithium manganese oxide and

includes at least one coating element selected from the group
consisting of aluminum, titanium, tungsten, boron, fluorine,
phosphorus, magnesium, nickel, cobalt, 1iron, chromium,
vanadium, copper, calcium, zinc, zirconium, niobium,

molybdenum, strontium, antimony, bismuth, silicon, and
sulfur, and a positive electrode and a lithium secondary

battery which include the positive electrode active material,

Lij,Mn, M50, A,

[Formula 1]

wherein, in Formula 1, M" is at least one metallic element

including lithium (L1), A 1s at least one element selected

from the group consisting of fluorine, chlorine, bromine,
10dine, astatine, and sulfur, O=a<0.2, 0<b=<0.5, and 0=<c=<0.1.

13 Claims, 2 Drawing Sheets
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SPINEL-STRUCTURED LITHIUM
MANGANESE-BASED POSITIVE
ELECTRODE ACTIVE MATERIAL, AND
POSITIVE ELECTRODE AND LITHIUM
SECONDARY BATTERY WHICH INCLUDE
THE POSITIVE ELECTRODE ACTIVE
MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry under 35 U.S.C.
§ 371 of International Application No. PCIT/KR2018/
013403, filed Nov. 6, 2018, which claims priority to Korean
Patent Application Nos. 10-2017-0146924, filed Nov. 6,
2017, and Korean Patent Application No. 10-2018-0135102,
filed Nov. 6, 2018, the disclosures of which are incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to a positive electrode active
maternial for a lithium secondary battery, and a positive
clectrode and a lithium secondary battery which include the
positive electrode active matenial. Specifically, the present
invention relates to a spinel-structured lithium manganese-
based positive electrode active material 1n which high-
temperature storage characteristics and high-temperature
life characteristics are excellent by improving Mn dissolu-
tion, and a positive electrode and a lithium secondary battery
which include the positive electrode active material.

BACKGROUND ART

Demand for secondary batteries as an energy source has
been significantly increased as technology development and
demand with respect to mobile devices have increased.
Among these secondary batteries, lithtum secondary batter-
1ies having high energy density, high voltage, long cycle life,
and low self-discharging rate have been commercialized and
widely used.

Lithium transition metal composite oxides have been used
as a positive electrode active material of the lithium sec-
ondary battery, and, among these oxides, a lithium cobalt
composite metal oxide, such as LiCoO,, having a high
working voltage and excellent capacity characteristics has
been mainly used. However, since the LiCoQO, has very poor
thermal properties due to an unstable crystal structure
caused by delithiation and 1s expensive, there 1s a limitation
in using a large amount of the L1CoQ, as a power source for
applications such as electric vehicles.

Lithium manganese-based oxides (LiMnO,, or LiMn,O,,),
lithium 1ron phosphate compounds (LiFePO,, etc.), or
lithium nickel composite metal oxides (LiN1O,, etc.) have
been developed as materials for replacing the Li1CoQ.,,.
Among these matenials, the lithium manganese-based oxide
1s advantageous 1in that its thermal stability and output
characteristics are excellent and the price 1s low, but the
lithium manganese-based oxide has limitations 1n that struc-
tural distortion (Jahn-Teller distortion) caused by Mn’*
occurs during charge and discharge, and performance rap-
1dly degrades because manganese (Mn) dissolution occurs
due to HF formed by a reaction with an electrolyte solution
at high temperature.

Thus, there 1s a need to develop a positive electrode active
material mm which a secondary battery having excellent
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high-temperature characteristics may be prepared at a low
cost by suppressing the Mn dissolution of the lithium
manganese-based oxide.

DISCLOSURE OF THE INVENTION
Technical Problem

An aspect of the present mmvention provides a spinel-
structured lithum manganese-based positive electrode
active material 1n which high-temperature storage charac-
teristics and high-temperature life characteristics are excel-
lent by suppressing the dissolution of manganese (Mn).

Another aspect of the present invention provides a posi-
tive electrode for a lithium secondary battery which may
achieve excellent storage characteristics and life character-
istics at high temperatures by including the positive elec-
trode active matenal.

Another aspect of the present invention provides a lithium
secondary battery 1in which high-temperature storage char-
acteristics and high-temperature life characteristics are
excellent by including the positive electrode according to the
present 1nvention.

Technical Solution

According to an aspect of the present invention, there 1s
provided a spinel-structured lithium manganese-based posi-
tive electrode active maternial including: a lithium manga-
nese oxide represented by Formula 1; and a coating layer
which 1s disposed on a surface of the lithtum manganese
oxide and includes at least one coating element selected
from the group consisting of aluminum (Al), titanium (11),
tungsten (W), boron (B), fluorine (F), phosphorus (P),
magnesium (Mg), nickel (N1), cobalt (Co), 1iron (Fe), chro-
mium (Cr), vanadium (V), copper (Cu), calcium (Ca), zinc
(Zn), zirconium (Zr), niobium (Nb), molybdenum (Mo),

strontium (Sr), antimony (Sb), bismuth (B1), silicon (S1), and
sulfur (S).

Li,, Mn, .M. O, A [Formula 1]

(in Formula 1, M" is at least one metallic element includ-
ing lithrum (1), A 1s at least one element selected from the
group consisting of F, chlorine (Cl), bromine (Br), 1odine (1),
astatine (At), and S, O=a=0.2, 0=b=0.5, and 0=c=0.1)

According to another aspect of the present invention,
there 1s provided a positive electrode including a positive
clectrode collector, and a positive electrode active material
layer formed on the positive electrode collector, wherein the
positive electrode active material layer includes the spinel-
structured lithium manganese-based positive electrode
active material according to the present invention.

According to another aspect of the present invention,
there 1s provided a lithium secondary battery including the
positive electrode according to the present invention.

Advantageous Eflects

According to the present invention, structural stability
may be mmproved by doping a spinel-structured lithium
manganese-based positive electrode active material with a
doping element.

Also, since a contact between the positive electrode active
material and an electrolyte solution 1s minimized by forming
a coating layer on a surface of the spinel-structured lithium
manganese-based positive electrode active material, manga-
nese dissolution 1s suppressed at high temperatures, and, as
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a result, the spinel-structured lithium manganese-based posi-
tive electrode active material has better high-temperature
storage characteristics and high-temperature life character-
istics than a conventional positive electrode active material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph illustrating capacity and resistance
characteristics at a high temperature (45° C.) of secondary
batteries prepared in Examples 1 to 5 and Comparative
Examples 1 to 3 of the present invention according to cycles;
and

FIG. 2 1s a graph illustrating capacity and resistance
characteristics during high-temperature (60° C.) storage of
the secondary batteries prepared in Examples 1 to 5 and
Comparative Examples 1 to 3 of the present invention.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention will be described in
more detail.

It will be understood that words or terms used in the
specification and claims shall not be interpreted as the
meaning defined in commonly used dictionaries, and it wall
be further understood that the words or terms should be
interpreted as having a meaning that 1s consistent with their
meaning 1n the context of the relevant art and the technical
idea of the invention, based on the principle that an inventor
may properly define the meaning of the words or terms to
best explain the invention.

An average particle diameter (D.,) 1n the present speci-
fication may be defined as a particle diameter at 50% 1n a
cumulative particle diameter distribution, and may be mea-
sured by using a laser diffraction method. Specifically, with
respect to the average particle diameter (D.,), after target
particles are dispersed in a dispersion medium, the disper-
sion medium 1s mtroduced into a commercial laser diflrac-
tion particle size measurement mstrument (e.g., Microtrac
MT 3000) and irradiated with ultrasonic waves having a
frequency of about 28 kHz and an output of 60 W, and the
average particle diameter (D.,) at 50% 1n a cumulative
particle volume distribution of the measurement instrument
may then be calculated.

In the present specification, inductively coupled plasma
(ICP) analysis was performed using an inductively coupled
plasma-optical emission spectrometer (ICP-OES) (OP-
TIMA 7300 DV, PerkinElmer Inc.).

In the present specification, a “specific surface area” was
measured by a Brunauer-Emmett-Teller (BET) method,
wherein, specifically, the specific surface area may be cal-
culated from a nitrogen gas adsorption amount at a liquid
nitrogen temperature (77 K) using BELSORP-min1 II by
Bell Japan Inc.

Also, 1 the present specification, the expression “%”
denotes wt % unless otherwise specified.

Positive Electrode Active Material

First, a spinel-structured lithium manganese-based posi-
tive electrode active material according to the present inven-
tion will be described.

The lithium manganese-based positive electrode active
material of the present mmvention 1s a spinel-structured
positive electrode active material including a lithium man-
ganese oxide represented by the following Formula 1 and a
coating layer disposed on a surface of the lithium manganese
oxide.

Li;, Mn, MO, A [Formula 1]
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In Formula 1, M' is a doping element substituted at a
manganese site 1n the lithium manganese oxide and may be
at least one metallic element including lithtum (LL1). A 1s an
clement substituted at an oxygen site 1n the lithium manga-
nese oxide and may be at least one element selected from the
group consisting of fluorine (F), chlorine (Cl), bromine (Br),
iodine (1), astatine (At), and sultur (S).

1+a represents a molar ratio of lithium in the lithium
manganese oxide, and a may satisty O=a=0.2, for example,
O=<a=<0.1.

b represents a molar ratio of the doping element M" in the
lithium manganese oxide, and b may satisty 0=b=0.5, for
example, 0.03=<b=0.23. In a case in which b, the molar ratio
of M, satisfies the above range, a structurally stable positive
clectrode active maternial may be obtained while minimizing
capacity reduction.

¢ represents a molar ratio of the element A 1n the lithium
manganese oxide, and ¢ may satisty 0O=c=0.1, for example,
0.01=c=0.05.

The lIithium manganese oxide represented by Formula 1 1s
doped with the doping element M' having a lower oxidation
number than manganese (Mn).

Since the lithium manganese oxide 1s doped with the
doping element M" having a lower oxidation number than
Mn, an average oxidation number of Mn 101ns 1s increased to
reduce Mn*~ formed by a disproportionation reaction
(2Mn>*=Mn”*+Mn"*") of Mn ions on a surface of an elec-
trode during charge and discharge, and thus, Mn dissolution
may be suppressed by mhibiting a reaction with HF formed
in an electrolyte solution.

In the present invention, 1 a case 1 which the lithium
manganese oxide 1s doped with an element having an
oxidation number equal to or higher than Mn, the average
oxidation number of Mn 1ons i1s reduced, and an amount of
Mn>~ due to the disproportionation reaction of the Mn ions
is increased. After the Mn”* formed in this case is dissolved
in an electrolyte, the Mn>* is reduced during charge and
discharge to be deposited on a surface of a negative elec-
trode, and thus, 1t may aflect cell performance, for example,
capacity degradation.

Also, the doping element M' may further include at least
one metallic element selected from the group consisting of
aluminum (Al), magnesium (Mg), zinc (Zn), boron (B),
tungsten (W), nickel (N1), cobalt (Co), iron (Fe), chromium
(Cr), vanadium (V), ruthenium (Ru), copper (Cu), cadmium
(Cd), silver (Ag), yttrium (Y), scandium (Sc), gallium (Ga),
indium (In), arsenic (As), antimony (Sb), platinum (Pt), gold
(Au), and silicon (Si). Preferably, the M" may include Li,
and may further include at least one metallic element
selected from the group consisting of Al and Mg.

Preferably, the lithium manganese oxide may be repre-
sented by Formula 1a below.

Li, Mns_ L1, M0, _A_ [Formula 1a]

In Formula la, Ma 1s at least one metallic element
selected from the group consisting of Al and Mg, O<a=<0.2,
0<bl+b2<0.5, 0=c=<0.1, and O<b1/b2<1.3.

As in Formula 1, the doping element M" may preferably
include L1 and the metallic element represented by M“. In
this case, bl represents a molar ratio of L1 as a doping
clement 1n the lithium manganese oxide, and b2 represents
a molar ratio of the metallic element which may be further
doped 1n addition to the Li in the lithium manganese oxide.
b1+b2 represents the molar ratio of the doping element M*
in the lithium manganese oxide, and bl+b2 may satisly
0<bl+b2 0.5, for example, 0.03=b1+b2 0.25. Also, a molar

ratio of bl/b2 may satisty O=bl/b2<1.3, for example,
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0.5=b1/b2<1.2. In a case 1n which the molar ratio, b1 and b2,
of the doping element M' including Li and M“ satisfies the
above range, a structurally stable positive electrode active
material may be obtained while minimizing capacity reduc-
tion.

Next, the coating layer 1s to prevent the dissolution of
manganese (Mn) at high temperatures and suppress gas
generation during charge and discharge by blocking a con-
tact between the lithium manganese oxide and the electro-
lyte solution. The coating layer 1s disposed on the surface of
the lithum manganese oxide and includes at least one
clement (hereinafter, referred to as ‘coating element’)
selected from the group consisting of Al, titantum (1), W,
boron (B), F, phosphorus (P), Mg, N1, Co, Fe, Cr, V, Cu,
calcium (Ca), Zn, zirconium (Zr), niobium (Nb), molybde-
num (Mo), strontium (Sr), Sb, bismuth (B1), S1, and S. The
coating layer may preferably include at least one element
selected from the group consisting of W, Mg, B, and Ti, and
may more preferably include at least one element selected
from the group consisting of W and B.

According to an embodiment, in the lithtum manganese-
based positive electrode active material according to the
present invention, the doping element M' may be at least one
metallic element including L1, Al, and Mg, and the coating
layer may include WQO,.

According to another embodiment, 1n the lithium man-
ganese-based positive electrode active material according to
the present invention, the doping element M' may be at least
one metallic element including Li, Al, and Mg, and the
coating layer may include B,O,.

According to another embodiment, 1n the lithium man-
ganese-based positive electrode active material according to
the present invention, the doping element M' may be at least
one metallic element including L1, Al, and Mg, and the
coating layer may include Ti0.,.

According to another embodiment, 1n the lithium man-
ganese-based positive electrode active material according to
the present invention, the doping element M' may be at least
one metallic element including L1, Al, and Mg, and the
coating layer may include MgQO,.

The spinel-structured lithium manganese-based positive
clectrode active material according to the present invention
may include a lithium boron composite oxide and a lithium
tungsten composite oxide.

For example, in the spinel-structured lithium manganese-
based positive electrode active material, the lithium boron
composite oxide and the lithium tungsten composite oxide
may be present on a surface of the lithium manganese-based
positive electrode active material. The lithium manganese-
based positive electrode active material may preferably have
a secondary particle, and more preferably, the lithtum boron
composite oxide and the lithium tungsten composite oxide
may be present 1 the secondary particle and on the surface
of the secondary particle.

The lithtum boron composite oxide may be preferably
lithium borate, more preferably lithium borate, lithium tet-
raborate, lithium pentaborate, and most preferably L1,B,0-.

The lithium tungsten composite oxide may be preferably
lithium tungstate and most preferably L1, WQO,.

For example, during the preparation of the lithium man-
ganese-based positive electrode active material, the lithium
boron composite oxide and the lithium tungsten composite
oxide may be formed on the lithhum manganese-based
positive electrode active material by mixing and sintering a
boron raw material with raw materials including a lithium
raw material, a manganese raw material, and a tungsten raw
material. Since the lithium boron composite oxide and the
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lithium tungsten composite oxide are formed on the lithium
manganese-based positive electrode active material, battery
resistance may be reduced and manganese dissolution dur-
ing high-temperature storage may be suppressed.

The coating layer may be continuously or discontinuously
formed on the surface of the lithium manganese oxide
represented by Formula 1.

For example, the coating layer may be formed in the form
of 1slands in which particles including the coating elements
are discontinuously attached to the surface of the lithium
manganese oxide. In this case, the particles including the
coating elements, for example, may be particles of oxides
such as WO,, B,O;, Zn0O, Al,0;, T10,, MgO, CaO, NbQO,,
SrO, CrO, Mo,O., B1,0,, and S10. In a case 1n which the
above-described oxide particles are present on the surface of
the lithium manganese oxide, since the oxide particles
capture and decompose HF formed by a reaction with the
clectrolyte solution as shown in Reaction Formula 1 below,
the Mn dissolution due to the HF may be suppressed.

ZnO+2Hf—ZnF,+H,0

AlL,O3;+6HF—=2AIF;+3H,0 [Reaction Formula 1]

Also, the coating layer may be formed 1n the form of a
film including the coating elements on the surface of the
lithium manganese oxide. In a case 1n which the coating
layer 1s formed 1n the form of a film, an efiect of blocking
the contact between the electrolyte solution and the lithium
manganese oxide and an eflect of suppressing the manga-
nese dissolution are better. Preferably, the film includes at
least one element selected from the group consisting of W,
Mg, B, and Ti. In a case in which the above-described film
1s formed on the surfaces of the lithium manganese oxide
particles, a side reaction with the electrolyte solution and gas
generation may be suppressed by blocking the contact with
the electrolyte solution by the film.

The coating layer may be formed 1n an area corresponding,
to 50% to 100%, preferably 80% to 100%, and more
preferably 90% to 100% of a total surface area of the lithium
manganese oxide. In a case 1 which the coating layer
formation area satisfies the above range, the contact between
the electrolyte solution and the lithium manganese oxide
may be effectively blocked.

Furthermore, the coating layer may have a thickness of 1
nm to 1,000 nm, for example, 1 nm to 100 nm or 10 nm to
1,000 nm. In the case that the coating layer 1s formed in the
form of a film, the thickness may be 1n a range of 1 nm to
100 nm, and, in the case that coating layer 1s formed 1n the
form of oxide particles, the thickness may be 1n a range of
10 nm to 1,000 nm. When the thickness of the coating layer
satisfies the above range, the manganese dissolution and the
occurrence of the side reaction with the electrolyte solution
may be eflectively suppressed while minimizing degrada-
tion of electrical performance.

The hithium manganese-based positive electrode active
maternial of the present invention may include the doping
element M' in an amount of 500 ppm to 40,000 ppm,
preferably 2,500 ppm to 40,000 ppm, and more preferably
3,000 ppm to 40,000 ppm based on a total weight of the
lithium manganese-based positive electrode active matenal.
When the amount of the doping element M' satisfies the
above range, the manganese dissolution at high temperatures
1s ellectively suppressed, and, accordingly, a lithium sec-
ondary battery having excellent high-temperature storability
may be achieved.

According to an embodiment, the lithium manganese-
based positive electrode active material may include Li, or
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L1 and Al and Mg, or a combination thereof, as a doping
clement, wherein the Al may be included 1n an amount of
2,500 ppm to 40,000 ppm, for example, 7,000 ppm to 20,000
ppm based on the total weight of the lithium manganese-
based positive electrode active material, and the L1 may be
included mm an amount of 500 ppm to 12,000 ppm, for
example, 1,000 ppm to 3,000 ppm based on the total weight
of the lithium manganese-based positive electrode active
material. Also, the Mg may be included in an amount of
1,000 ppm to 20,000 ppm, for example, 3,000 ppm to 10,000
ppm based on the total weight of the lithium manganese-
based positive electrode active matenal.

The lithium manganese-based positive electrode active
material according to the present invention may have an
average particle diameter (D.,) of 1 um to 20 pum, for
example, 1 um to 8 um, 7 um to 20 um, 8 um to 20 um, or
10 um to 20 um.

According to an embodiment, the lithium manganese-
based positive electrode active material according to the
present invention may have an average particle diameter
(D) of 1 um to 8 um. With respect to the small particle-
sized lithium manganese-based positive electrode active
material having a small average particle diameter (D),
since 1ts surface area may be reduced in comparison to
particles having a large average particle diameter by rela-
tively increasing the amounts of the doping and coating
clements and controlling sintering conditions, a lithium
manganese-based positive electrode active material with
excellent structural stability and less side reaction with the
clectrolyte solution may be prepared.

According to another embodiment, the lithium manga-
nese-based positive electrode active material according to
the present invention may have an average particle diameter
(D<) of 8 um to 20 um. With respect to the large particle-
sized lithium manganese-based positive electrode active
material having a large average particle diameter (D), 1t 1s
advantageous in that the manganese dissolution 1s relatively
smaller than that of the particles having a small average
particle diameter.

Also, the lithium manganese-based active material may
have a specific surface area of 0.1 m*/g to 1.5 m*/g. The
specific surface areca may be adjusted according to the
particle diameter of the lithium manganese-based active
matenial, wherein, for example, 1n a case 1n which the
lithium manganese-based active material 1s used in the form
of small-sized particles 1n a positive electrode material to be
described later, the specific surface area may be 1n a range
of 0.5 m*/gto 1.5m*/gor 0.7 m*/gto 1.1 m*/g, and, in a case
in which the lithium manganese-based active matenal 1s
used 1n the form of large-sized particles, the specific surface
area may be in a range of 0.1 m*/g to 1 m*/g or 0.25 m~/g
to 0.7 m*/g.

Also, the lithium manganese-based positive electrode
active material may be 1n the form of a primary particle or
a secondary particle formed by agglomeration of a plurality
of prnimary particles. The secondary particle, for example,
may be formed by agglomeration of the 2 to 100 or 2 to 50
primary particles.

Impurities that are unintentionally 1included 1n a prepara-
tion process may be included in the lithium manganese-
based positive electrode active material. The impurities, for
example, may include Fe, N1, sodium (Na), Cu, Zn, Cr, Ca,
potassium (K), S, Mg, Co, S1, B, or a combination thereof.
In a case i which an amount of the impurities 1s large,
dendrites on a negative electrode may be induced to reduce
battery lifetime, and a low voltage failure due to an internal
short circuit may occur. Also, the impurity, such as S, among
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these impurities has a limitation 1n that 1t corrodes an Al
current collector. Thus, 1t 1s desirable that the impurity 1s
controlled to a predetermined amount or less.

For example, the lithium manganese-based positive elec-
trode active material according to the present invention may
include the S impurity 1n an amount of 20,000 ppm or less,
preferably 15,000 ppm or less, and more preferably 1,000
ppm or less, and may include the other impurities 1n an
amount of 400 ppm or less and preferably 10 ppm or less.

Also, 1t 1s desirable that the lithium manganese-based

positive electrode active material according to the present
invention may include magnetic impurities, such as Fe, Cr,
N1, and Zn, among the above impurities 1n a total amount of
800 ppb or less, for example, 25 ppb or less. In a case 1n
which the amount of the magnetic impurities exceeds the
above range, the dendrites on the negative electrode may be
induced to reduce the battery lifetime, or the low voltage
failure due to the internal short circuit may occur.
Method of Preparing Positive Electrode Active Material
Next, a method of preparing the lithtum manganese-based
positive electrode active material according to the present
invention will be described.

The lithium manganese-based positive electrode active
material according to the present invention may be prepared
by the steps of: forming a M'-doped lithium manganese
oxide represented by Formula 1, and mixing the lithium
manganese oxide represented by Formula 1 with a coating
raw material and performing a heat treatment to form a
coating layer. Hereinafter, each step of the preparation
method according to the present imnvention will be described
in detail.

(1) M'-doped Lithium Manganese Oxide Forming Step

The M'-doped lithium manganese oxide represented by
Formula 1 may be prepared by (1) a method of mixing a
manganese raw material, a doping raw material including
M, and a lithium raw material, and sintering the mixture, or
(i1) a method of forming a M'-doped manganese precursor
by reacting a manganese raw material with a doping raw
material including M', mixing the M'-doped manganese
precursor with a lithhum raw material, and sintering the
mixture. That 1s, 1n the present invention, the doping element
M' may be added in the forming of the manganese precursor,
or may be added in the sintering of the manganese raw
material and the lithium raw matenal.

In this case, the manganese raw material may be a
manganese element-containing oxide, hydroxide, oxyhy-
droxide, carbonate, sulfate, halide, sulfide, acetate, or car-
boxylate, or a combination thereof, and may specifically
beMnO,, MnCl,, MnCO,,Mn,0O,, MnSO_,Mn,O,, or
Mn(NO,),, but the manganese raw material 1s not limited
thereto.

The doping raw material including M' may be a M'-con-
taining oxide, hydroxide, oxyhydroxide, sulfate, carbonate,
halide, sulfide, acetate, or carboxylate, or a combination
thereof, and, for example, may be Li1(OH), Li1CO,,L1,0,
Al,(SO,),, AlCl,, Al-1sopropoxide, AINO,,MgO, Mg(OH).,
MgSQO,, or Mg(NQO,),, but the doping raw material includ-
ing M" is not limited thereto.

The lithium raw material may be a lithium-containing
carbonate (e.g., lithum carbonate, etc.), hydrate (e.g.,
lithium hydroxide monohydrate (L1OH.H,O, etc.), hydrox-
ide (e.g., lithium hydroxide, etc.), nitrate (e.g., lithium
nitrate (LiNO,), etc.), or chloride (e.g., lithium chlonde
(L1Cl), etc.), but the lithium raw material 1s not limited
thereto.

According to an embodiment, the lithium manganese
oxide represented by Formula 1 may be prepared by mixing
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a manganese raw material, a doping raw material including
M', and a lithium raw material, and then sintering the
mixture (method (1)).

The manganese raw material, the doping raw material
including M", and the lithium raw material may be mixed in
amounts such that the molar ratios of Mn, M*, and Li in
Formula 1 may be satisfied.

Also, the mixing may be performed by solid-phase mix-
ing or liquid-phase mixing. In a case 1 which each com-
ponent 1s mixed by the solid-phase mixing, a sintering
process may be performed without a separate drying pro-
cess, and, 1n a case 1n which each component 1s mixed by the
liquid-phase mixing, a sintering process 1s performed after
the mixed components are spray-dried. In the case that the
solid-phase mixing method 1s used, a small particle-sized
lithium manganese oxide having a low specific surface area
and an average particle diameter (D) of less than 8 um, for
example, 6 um or less may be obtained. In contrast, in the
case that the wet mixing method 1s used, a large particle-
sized lithium manganese oxide having an average particle
diameter (D, of 8 pm or more 1s generally obtained.

The sintering may be performed at 600° C. to 900° C., for
example, 700° C. to 800° C., for 5 hours to 24 hours, for
example, 10 hours to 15 hours.

For example, the sintering may be performed at 750° C.
to 850° C., for example, 780° C. to 830° C., for 5 hours to
24 hours, for example, 10 hours to 15 hours. In a case 1n
which the above temperature and sintering time are satisfied,
over sintering occurs to increase the size ol primary par-
ticles, and, accordingly, a lithium manganese oxide having
an average particle diameter (D) of the primary particles of
1 um or more, for example, 2 um to 3 um may be obtained.

According to another embodiment, the lithtum manganese
oxide represented by Formula 1 may be prepared by forming
a M'-doped manganese precursor by reacting a manganese
raw material with a doping raw material including M',
mixing the M'-doped manganese precursor with a lithium
raw material, and sintering the mixture (method (11)).

Specifically, the M'-doped manganese precursor, for
example, may be formed by a co-precipitation reaction of a
manganese raw material with a doping raw material includ-
ing M'. The manganese raw material and the doping raw
material including M" are the same as those described above.

The co-precipitation reaction may be performed by a
co-precipitation method well known 1n the art, and, for
example, the co-precipitation reaction may be performed 1n
such a manner that the manganese raw material and the
doping raw material are mtroduced into a co-precipitation
reactor at an approprate ratio, and the reaction 1s performed
while an aqueous ammonia solution, as a complexing agent,
and an aqueous alkaline solution, as a pH adjuster, are
introduced.

When the M'-doped manganese precursor is formed by
the above-described co-precipitation reaction, the M'-doped
manganese precursor and a lithium raw material are mixed
and then sintered to form a lithium manganese oxide.

The M'-doped manganese precursor and the lithium raw
material may be mixed 1n amounts such that the molar ratios
of Mn, M', and Li in Formula 1 may be satisfied.

The mixing and the sintering may be performed by the
same methods as those described in the method (1).

(2) Coating Layer Forming Step

When the M'-doped lithium manganese oxide repre-
sented by Formula 1 1s prepared by the above-described
method, a coating layer including at least one element
(heremaftter, referred to as a ‘coating element’) selected from

the group consisting of Al, Ti, W, B, F, P, Mg, N1, Co, Fe,
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10
Cr, V, Cu, Ca, Zn, Zr, Nb, Mo, Sr, Sb, B1, S1, and S 1s formed
on a surface of the lithium manganese oxide of Formula 1.

A method known 1n the art may be used for the formation
of the coating layer, and, for example, a wet coating method,
a dry coating method, a plasma coating method, or atomic
layer deposition (ALD) may be used.

The wet coating method, for example, may be performed
in such a manner that an appropriate solvent, such as
ethanol, water, methanol, or acetone, 1s added to the lithium
manganese oxide and a coating raw material, and then mixed
until the solvent disappears.

The dry coating method 1s a method of solid-phase mixing,
the lithium manganese oxide and a coating raw material
without a solvent, and, for example, a grinder mixing
method or a mechanofusion method may be used.

The coating raw material may be an oxide, hydroxide,
oxyhydroxide, carbonate, sulfate, halide, sulfide, acetate, or
carboxylate, which includes at least one element (hereinai-
ter, referred to as a ‘coating element’) selected from the
group consisting of Al, Ti, W, B, F, P, Mg, Ni, Co, Fe, Cr,
V, Cu, Ca, Zn, Zr, Nb, Mo, Sr, Sb, B1, S1, and S, or a
combination thereot, and, for example, may be ZnO, Al,O;,
Al(OH),, Al, (SO,),, AlCl,, Al-1sopropoxide, AINO,,T10,,
WO,, AlF, H,BO,, HBO,, H,BO,, H,B,0O,, B,O,,C.H.B
(OH),, (C:Hs0):B,  (CH;(CH,),0);B,  C3HgB;0s,
(C;H,O;) B, Li;WO,, (NH,),,W,,0,,-5H,0O, and
NH_H,PO,,but the coating raw material 1s not limited
thereto.

After the coating raw material 1s attached to the surface of
the Iithium manganese oxide by the above-described
method, a coating layer may be formed through a heat
treatment. In this case, the heat treatment may be performed
at 100° C. to 700° C., for example, 300° C. to 450° C., for

1 hour to 15 hours, for example, 3 hours to 8 hours.

Positive Electrode

Next, a positive electrode for a lithium secondary battery
according to the present invention will be described.

The positive electrode according to the present invention
includes a positive electrode collector, and a positive elec-
trode active material layer formed on the positive electrode
collector, wherein the positive electrode active material
layer includes the spinel-structured lithium manganese-
based positive electrode active material according to the
present invention and includes a conductive agent and/or a
binder, if necessary.

In this case, since the positive electrode active material 1s
the same as described above, detailed descriptions thereof
will be omitted, and the remaining configurations will be
only described 1n detail below.

The positive electrode active matenial layer may further
include a lithium mickel-cobalt-manganese-based positive
clectrode active material represented by Formula 2 below.

Li; .[Ni,Co,Mn,,M* ]0,_,B

Fo

[Formula 2]

In Formula 2, M” is a doping element substituted at a
transition metal (N1, Co, Mn) site and may be at least one
clement selected from the group consisting of W, Cu, Fe, V,
Cr, Ti, Zr, Zn, Al, In, Ta, Y, lanthanum (La), Sr, Ga, Sc,
gadolinium (Gd), samarium (Sm), Ca, certum (Ce), Nb, Mg,
B, and Mo. Preferably, the M” may be at least one selected
from the group consisting of Al, Zr, W, T1, Nb, and B.

B 1s an element substituted at an oxygen site 1n the lithium
nickel-cobalt-manganese-based positive electrode active
material and may be at least one element selected from the
group consisting of F, Cl, Br, I, At, and S.

1+x represents a molar ratio of lithium 1n the lithium
nickel-cobalt-manganese-based positive electrode active
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maternial, and x may satisty 0=x=<0.3, preferably 0=x=0.2,
and more preferably 0=x=<0.1.

y represents a molar ratio of mickel 1n the lithium nickel-
cobalt-manganese-based positive electrode active material,
and vy may satisty 0.5=y<1, preferably 0.65=x<1, and more
preferably 0.7=y<1, for example, 0.75=y<].

7z represents a molar ratio of cobalt in the lithium nickel-
cobalt-manganese-based positive electrode active material,
and z may satisly 0<z<0.35 and preferably 0<z0.3.

w represents a molar ratio of manganese 1n the lithium
nickel-cobalt-manganese-based positive electrode active
material, and w may satisty O0<w<0.35 and preferably
O<w=0.3.

When the molar ratios, v, z, and w, of the transition metals
in the lithtum nickel-cobalt-manganese-based oxide satisty
the above ranges, a positive electrode active material having
excellent energy density may be obtained.

v represents a molar ratio of the doping element M~ in the
lithium nickel-cobalt-manganese-based oxide, and v may
satisty O=v=0.1, preferably 0.0005=v=0.08, and more prei-
erably 0.001=v=0.02, for example, 0.002<v=0.01. When the
molar ratio of the doping element M~ in the lithium nickel-
cobalt-manganese-based oxide satisfies the above range, a
positive electrode active material having excellent high-
temperature stability may be obtained.

p represents a molar ratio of the element B 1n the lithium
nickel-cobalt-manganese-based oxide, and p may satisiy
O=p=0.1 and preferably O=p=<0.05.

Specifically, the lithium nickel-cobalt-manganese-based
oxide represented by Formula 2 may be L1, [N1,Co Mn, |
O, or Li,,[N1,Co,Mn, Al ]O,, but the lithum nickel-co-
balt-manganese-based oxide represented by Formula 2 1s not
limited thereto.

The lithium mickel-cobalt-manganese-based positive elec-
trode active material represented by Formula 2 may further
include a coating layer including at least one coating ele-
ment selected from the group consisting of Al, T1, W, B, F,
P, Mg, N1, Co, Fe, Cr, V, Cu, Ca, Zn, Zr, Nb, Mo, Sr, Sb, B,
S1, and S. For example, since a contact between the lithium
nickel-cobalt-manganese-based positive electrode active
maternal represented by Formula 2 and the electrolyte solu-
tion 1ncluded in the lithium secondary battery 1s blocked by
the coating layer to suppress the occurrence of a side
reaction, life characteristics may be improved when used in
the battery, and, 1n addition, packing density of the positive
clectrode active material may be increased.

In a case in which the coating element 1s further included
as described above, an amount of the coating element 1n the
coating layer may be 1n a range of 100 ppm to 10,000 ppm,
for example, 200 ppm to 5,000 ppm based on a total weight
of the lithium nickel-cobalt-manganese-based positive elec-
trode active material represented by Formula 2. For
example, 1n a case in which the coating element 1s included
in an amount within the above range based on the total
weight of the lithtum nickel-cobalt-manganese-based posi-
tive electrode active material represented by Formula 2, the
occurrence of the side reaction with the electrolyte solution
may be more eflectively suppressed and the life character-
1stics may be further improved when used 1n the battery.

The coating layer may be formed on an entire surface of
the lithium mnickel-cobalt-manganese-based positive elec-
trode active material represented by Formula 2 and may be
partially formed. Specifically, 1n a case in which the coating,
layer 1s partially formed on the surface of the lithium
nickel-cobalt-manganese-based positive electrode active
material represented by Formula 2, the coating layer may be
formed 1n an area corresponding to 5% or more to less than
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100%, for example, 20% or more to less than 100% of a total
surface area of the lithium nickel-cobalt-manganese-based
positive electrode active maternial represented by Formula 2.

The lithium nickel-cobalt-manganese-based positive elec-
trode active material represented by Formula 2 may have an
average particle diameter (D<) of 1 um to 20 um, 2 um to
10 um, or 8 um to 20 um. In a case 1 which the average
particle diameter (D<) of the lithium nickel-cobalt-manga-
nese-based positive electrode active material represented by
Formula 2 satisfies the above range, excellent electrode
density and energy density may be achieved.

The lithium nickel-cobalt-manganese-based positive elec-
trode active material represented by Formula 2 may have a
grain size of 200 nm to 500 nm. In a case 1n which the grain
s1ize of the lithium nickel-cobalt-manganese-based positive
clectrode active matenal represented by Formula 2 satisfies
the above range, excellent electrode density and energy
density may be achieved.

With respect to the lithrum nickel-cobalt-manganese-
based positive electrode active matenal represented by For-
mula 2, the amounts of the transition metals in the active
material particles may be constant regardless of a position,
or an amount of at least one metallic element may be
changed depending on the position in the particle. For
example, 1 the lithtum nickel-cobalt-manganese-based
positive electrode active material represented by Formula 2,
at least one component of Ni, Mn, Co, and M* may have a
gradually changing concentration gradient, and the expres-
sion “‘gradually changing concentration gradient” denotes
that the components have concentration distributions in
which the concentrations of the components are changed
continuously and stepwise across the entire particle or in a
specific region.

A commercially available lithium nickel-cobalt-manga-
nese-based positive electrode active material may be pur-
chased and used as the lithium mickel-cobalt-manganese-
based positive electrode active material represented by
Formula 2, or the lithium nickel-cobalt-manganese-based
positive electrode active material represented by Formula 2
may be prepared by a method of preparing a lithium nickel-
cobalt-manganese-based positive electrode active material
which 1s known 1n the art.

For example, the lithium nickel-cobalt-manganese-based
positive electrode active material represented by Formula 2
may be prepared by a method in which a nickel-cobalt-
manganese-based precursor and a lithium raw material as
well as selectively a doping raw material are mixed and then
sintered.

The nickel-cobalt-manganese-based precursor may be a
hydroxide, oxyhydroxide, carbonate, or organic complex of
nickel-manganese-cobalt, or a hydroxide, oxyhydroxide,
carbonate, or organic complex of nickel-manganese-cobalt
which includes the doping element M”. For example, the
nickel-cobalt-manganese-based precursor may be [Ni.
Co,Mn, |(OH),, [N1,Co,Mn, Al J(OH),, [N1,CoMn,]
O.0OH, or [N1,Co,Mn, Al |O.OH, but the nickel-cobalt-man-
ganese-based precursor 1s not limited thereto.

The lithrum raw material may be a lithium-containing
carbonate (e.g., lithum carbonate, etc.), hydrate (e.g.,
lithium hydroxide monohydrate (L1OH.H,O, etc.), hydrox-
ide (e.g., lithium hydroxide, etc.), nitrate (e.g., lithium
nitrate (LiINO;), etc.), or chloride (e.g., lithtum chlonde
(L1Cl), etc.), but the lithium raw material 1s not limited
thereto.

The doping raw material may be an oxide, hydroxide,
sulfide, oxyhydroxide, or halide, which includes at least one
clement selected from the group consisting of W, Cu, Fe, V,
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Cr, Th, Zr, Zn, Al, In, Ta, Y, La, Sr, Ga, Sc, Gd, Sm, Ca, Ce,
Nb, Mg, B, and Mo, or a mixture thereof,

The sintering may be performed at 600° C. to 1,000° C.,
for example, 700° C. to 900° C., for S hours to 30 hours, for
example, 10 hours to 20 hours.

In a case 1 which the lithium nickel-cobalt-manganese-
based positive electrode active material represented by For-
mula 2 includes a coating layer, a process may be further
performed 1 which a coating raw maternial 1s added and
mixed after the sintering and a heat treatment 1s then
performed.

The coating raw material may be an oxide, hydroxide,
oxyvhydroxide, carbonate, sulfate, halide, sulfide, acetate, or
carboxylate, which includes at least one element (hereinat-
ter, referred to as a ‘coating element’) selected from the
group consisting of Al, T1, W, B, E, P, Mg, N1, Co, Fe, Cr,
V, Cu, Ca, Zn, Zr, Nb, Mo, Sr, Sb, B1, S1, and S, or a
combination thereot, and, for example, may be ZnO, Al,O;,
Al(OH),, Al,(80.,),, AlCl;, Al-1sopropoxide, AINO,, T10,,
WO,;, AlF, H,BO,, HBO,, H,BO;, H,B,0O,, B,0O;,C.H.B
(OH),. (CH,0),B. (CH, (CH,),0),B, C,H,B,0,
(C;H,O,) B, Li,w0O,, (NH,),,W,,0,-5H,0O, and
NH_H,PO,, but the coating raw material 1s not limited
thereto.

A method known 1n the art may be used for the formation
of the coating layer, and, for example, a wet coating method,
a dry coating method, a plasma coating method, or atomic
layer deposition (ALD) may be used.

The heat treatment may be performed at 100° C. to 700°
C., for example, 300° C. to 450° C., for 1 hour to 15 hours,
for example, 3 hours to 8 hours.

The lithium mickel-cobalt-manganese-based positive elec-
trode active material represented by Formula 2 1s a high-
nickel positive electrode active material 1n which a nickel
ratio 1s greater than 50 mol %, wherein energy density
characteristics are excellent. Thus, 1in a case in which the
lithium nickel-cobalt-manganese-based positive electrode
active material represented by Formula 2 and the spinel-
structured lithum manganese-based positive electrode
active material of the present invention are mixed and used,
a capacity problem, a disadvantage of the lithium manga-
nese-based positive electrode active matenial, may be
solved.

A positive electrode material including the lithium man-
ganese-based positive electrode active material and the
lithium nickel-cobalt-manganese-based positive electrode
active material may have a bimodal particle diameter dis-
tribution 1 which large-sized particles having an average
particle diameter (D.,) of 4 um to 20 pm and small-sized
particles having an average particle diameter (D.,) corre-
sponding to 10% to 75%, for example, 25% to 75% of the
average particle diameter (D., of the large-sized particles
are included. In a case in which the positive electrode
material having a bimodal particle diameter distribution 1s
used as described above, a positive electrode having high
clectrode density and energy density may be formed.

Preferably, the large-sized particles may have an average
particle diameter (D., of 8 um to 20 um, 8 um to 15 um, or
12 um to 20 um, and the small-sized particles may have an
average particle diameter (D ,of 1 um to 15 um, 2 um to 13
um, 2 um to 8 um, or 4 um to 13 um.

According to an embodiment, the positive electrode mate-
rial according to the present invention may have a bimodal
particle diameter distribution in which large-sized particles
having an average particle diameter of 8 um to 15 um and
small-sized particles having an average particle diameter of
1 um to 6 um are mcluded.
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According to another embodiment, the positive electrode
material according to the present invention may have a
bimodal particle diameter distribution 1n which large-sized
particles having an average particle diameter of 12 um to 20
um and small-sized particles having an average particle
diameter of 4 um to 13 um are ncluded.

Types of active materials constituting the small-sized
particles and the large-sized particles are not particularly
limited, but the active materials may be the lithium manga-
nese-based positive electrode active material and/or the
lithium nickel-cobalt-manganese-based positive electrode
active material.

According to an embodiment, the lithium manganese-
based positive electrode active material may constitute the
large-sized particles and the lithium nickel-cobalt-manga-
nese-based positive electrode active material may constitute
the small-sized particles 1n the positive electrode material of
the present invention. In this case, the lithium manganese-
based positive electrode active material may have an aver-
age particle diameter (D<) of 8 um to 20 um, for example,
about 12 um to 20 um, and lithium nickel-cobalt-manga-
nese-based positive electrode active material may have an
average particle diameter (D, of 1 um to 15 um, for
example, about 4 um to 13 um. In a case 1n which the lithium
manganese-based positive electrode active material 1s used
in the large-sized particles satistfying the above-described
range, manganese dissolution from the lithium manganese-
based positive electrode active material may be more etlec-
tively suppressed, and, as a result, high-temperature stability
of the battery may be further improved.

According to another embodiment, the lithium manga-
nese-based positive electrode active material may constitute
the small-sized particles and the lithium nickel-cobalt-man-
ganese-based positive electrode active material may consti-
tute the large-sized particles in the positive electrode mate-
rial of the present mvention. In this case, the lithium
manganese-based positive electrode active material may
have an average particle diameter (D.,) of 1 um to 15 um,
for example, about 1 um to 8 um, and the lithium nickel-
cobalt-manganese-based positive electrode active material
may have an average particle diameter (D.,) of 8 um to 20
um, for example, about 8 um to 15 um. In a case in which
the lithtum manganese-based positive electrode active mate-
rial 1s used 1n the small-sized particles satisiying the above-
described range, an amount of doping and/or coating of the
lithium manganese-based positive electrode active material
may be 1ncreased, and the side reaction with the electrolyte
solution may be minimized by allowing to have a low BET
value.

According to another embodiment, the positive electrode
material of the present invention may have a bimodal
particle diameter distribution in which at least one of the
lithium manganese-based positive electrode active material
and the lithium nickel-cobalt-manganese-based positive
clectrode active material includes the large-sized particles
and the small-sized particles.

The positive electrode material may include the lithium
manganese-based positive electrode active material and the
lithium nickel-cobalt-manganese-based positive electrode
active material 1in a weight ratio of 10:90 to 90:10, for
example, 40:60 to 60:40. When the mixing ratio of the
lithium manganese-based positive electrode active material
to the lithium nickel-cobalt-manganese-based positive elec-
trode active matenal satisfies the above range, an electrode
having both excellent high-temperature storability and
excellent capacity characteristics may be obtained.
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The positive electrode active material may be included in
an amount of 80 parts by weight to 99 parts by weight, for
example, 85 parts by weight to 98.5 parts by weight based
on 100 parts by weight of a total weight of the positive
clectrode active material layer. When the positive electrode
active material 1s included 1n an amount within the above
range, excellent capacity characteristics may be obtained.

The positive electrode collector 1s not particularly limited
as long as i1t has conductivity without causing adverse
chemical changes in the battery, and, for example, stainless
steel, aluminum, nickel, titanium, fired carbon, or aluminum
or stainless steel that 1s surface-treated with one of carbon,
nickel, titanium, silver, or the like may be used. Also, the
positive electrode collector may typically have a thickness
of 3 um to 500 um, and microscopic irregularities may be
formed on the surface of the collector to improve the
adhesion of the positive electrode active material. The
positive electrode collector, for example, may be used in
various shapes such as that of a film, a sheet, a foi1l, a net, a
porous body, a foam body, a non-woven fabric body, and the
like.

The conductive agent i1s used to provide conductivity to
the electrode, wherein any conductive agent may be used
without particular limitation as long as 1t has suitable
clectron conductivity without causing adverse chemical
changes 1n the battery. Specific examples of the conductive
agent may be graphite such as natural graphite or artificial
graphite; carbon based materials such as carbon black,
acetylene black, Ketjen black, channel black, furnace black,
lamp black, thermal black, and carbon fibers; powder or
fibers of metal such as copper, nickel, aluminum, and silver;
conductive whiskers such as zinc oxide whiskers and potas-
sium titanate whiskers; conductive metal oxides such as
titanium oxide; or conductive polymers such as polyphe-
nylene derivatives, and any one thereof or a mixture of two
or more thereof may be used. The conductive agent may be
typically included 1n an amount of 0.1 part by weight to 15
parts by weight based on 100 parts by weight of the total
weight of the positive electrode active material layer.

The binder improves the adhesion between the positive
clectrode active matenal particles and the adhesion between
the positive electrode active material and the current col-
lector. Specific examples of the binder may be polyvi-
nylidene fluonide (PVDF), polyvinylidene fluoride-
hexafluoropropylene copolymer (PVDF-co-HFP), polyvinyl
alcohol, polyacrylonitrile, carboxymethyl cellulose (CMC),
starch, hydroxypropyl cellulose, regenerated cellulose, poly-
vinylpyrrolidone, tetrafluoroethylene, polyethylene, poly-
propylene, an ethylene-propylene-diene monomer (EPDM),
a sulfonated EPDM, a styrene-butadiene rubber (SBR), a
fluorine rubber, or various copolymers thereof, and any one
thereol or a mixture of two or more thereof may be used. The
binder may be mncluded i an amount of 0.1 part by weight
to 15 parts by weight based on 100 parts by weight of the
total weight of the positive electrode active material layer.

The positive electrode of the present invention may be
prepared according to a typical method of preparing a
positive electrode except that the above-described spinel-
structured lithum manganese-based positive electrode
active material 1s used. Specifically, a positive electrode
material mixture, which 1s prepared by dissolving or dis-
persing the positive electrode active material as well as
selectively the binder and/or the conductive agent in a
solvent, 1s coated on the positive electrode collector, and the
positive electrode may then be prepared by drying and
rolling the coated positive electrode collector.
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The solvent may be a solvent normally used 1n the art. The
solvent may include dimethyl sulioxide (DMSQ), 1sopropyl
alcohol, N-methylpyrrolidone (NMP), acetone, or water, and
any one thereol or a mixture of two or more thereof may be
used. An amount of the solvent used may be suflicient 1t the
positive electrode material mixture may be adjusted to have
an appropriate viscosity in consideration of a coating thick-
ness of a slurry and manufacturing yield.

Also, as another method, the positive electrode may be
prepared by casting the positive electrode material mixture
on a separate support and then laminating a film separated
from the support on the positive electrode collector.

Lithium Secondary Battery

Next, a lithium secondary battery according to the present
invention will be described.

The lithium secondary battery of the present mvention
includes a positive electrode, a negative electrode, a sepa-
rator disposed between the positive electrode and the nega-
tive electrode, and an electrolyte, wherein the positive
clectrode 1s the same as the above-described positive elec-
trode according to the present invention. Thus, detailed
descriptions of the positive electrode will be omitted and the
remaining configurations will be only described below.

The negative electrode 1ncludes a negative electrode
collector and a negative electrode active material layer
disposed on the negative electrode collector.

The negative electrode collector 1s not particularly limited
as long as 1t has high conductivity without causing adverse
chemical changes 1n the battery, and, for example, copper,
stainless steel, aluminum, nickel, titanium, fired carbon,
copper or stainless steel that 1s surface-treated with one of
carbon, nickel, titanium, silver, or the like, and an alumi-
num-cadmium alloy may be used. Also, the negative elec-
trode collector may typically have a thickness o1 3 um to 500
um, and, similar to the positive electrode collector, micro-
scopic 1rregularities may be formed on the surface of the
collector to improve the adhesion of a negative electrode
active material. The negative electrode collector, {for
example, may be used 1n various shapes such as that of a
film, a sheet, a foi1l, a net, a porous body, a foam body, a
non-woven fabric body, and the like.

The negative electrode active material layer selectively
includes a binder and a conductive agent in addition to a
negative electrode active material.

Various negative electrode active materials used 1n the art
may be used as the negative electrode active material, and
the negative electrode active maternial 1s not particularly
limited. Specific examples of the negative electrode active
material may be a carbonaceous material such as artificial
graphite, natural graphite, graphitized carbon fibers, and
amorphous carbon; a metallic compound alloyable with
lithium such as silicon (S1), aluminum (Al), tin (Sn), lead
(Pb), zinc (Zn), bismuth (B1), indium (In), magnesium (Mg),
gallium (Ga), cadmium (Cd), a S1 alloy, a Sn alloy, or an Al
alloy; a metal oxide which may be doped and undoped with
lithium such as S10,(0<f<2), SnO,, vanadium oxide, and
lithium vanadium oxide; or a composite including the metal-
lic compound and the carbonaceous material such as a
S1—C composite or a Sn—C composite, and any one thereof
or a mixture of two or more thereof may be used. Also, a
metallic lithium thin film may be used as the negative
clectrode active material. Furthermore, both low crystalline
carbon and high crystalline carbon may be used as the
carbon material. Typical examples of the low crystalline
carbon may be soft carbon and hard carbon, and typical
examples of the high crystalline carbon may be 1rregular,
planar, flaky, spherical, or fibrous natural graphite or artifi-
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cial graphite, Kish graphite, pyrolytic carbon, mesophase
pitch-based carbon fibers, meso-carbon microbeads, meso-
phase pitches, and high-temperature sintered carbon such as
petroleum or coal tar pitch derived cokes.

In the lithtum secondary battery of the present invention,
it 1s desirable to use a mixture of two or more kinds of
carbon materials having particular specific surface areas as
the negative electrode active matenal.

For example, the negative electrode active material may
include natural graphite and soft carbon, and may specifi-
cally include natural graphite having a specific surface area
(BET) of 2.5 m®/g to 4.0 m*/g and soft carbon having a
specific surface area (BET) of 7 m”/g to 10 m*/g. In a case
in which the positive electrode according to the present
invention and the negative electrode including the natural
graphite and soit carbon, which satisly the above specific
surface areas, are combined and configured, high-tempera-
ture durability of the secondary battery may be more
improved. The negative electrode active material layer may
turther include artificial graphite, 11 necessary, and, in this
case, the artificial graphite may have a specific surface area
(BET) of 0.1 m*/g to 1.2 m*/g.

Specifically, the negative electrode active material layer
may include 70 wt % to 95 wt % of natural graphite, 0 wt
% to 25 wt % of artificial graphite, and 5 wt % to 30 wt %
of soft carbon based on a total weight of the negative
clectrode active material.

Also, the negative electrode active matenial may include
natural graphite and artificial graphite, and may specifically
include natural graphite having a specific surface area (BET)
of 2.5 m*/g to 4.0 m®/g and artificial graphite having a
specific surface area (BET) of 0.1 m°/g to 1.2 m*/g. The
negative electrode active maternial layer may further include
soit carbon, 1f necessary, and, in this case, the soft carbon
may have a specific surface area (BET) of 7 m*/g to 10 m*/g.
Specifically, the negative electrode active material layer may
include 10 wt % to 50 wt % of natural graphite, 50 wt % to
90 wt % of artificial graphite, and 0 wt % to 20 wt % of soft
carbon based on the total weight of the negative electrode
active material. In this case, since negative electrode rate
capability 1s improved, a battery having excellent fast cell
charging and resistance characteristics may be achieved.

The negative electrode active material may be included in
an amount of 80 wt % to 99 wt % based on a total weight
of the negative electrode active material layer.

The binder 1s a component that assists in the binding
between the conductive agent, the active material, and the
current collector, wherein the binder 1s typically added 1n an
amount of 0.1 wt % to 10 wt % based on the total weight of
the negative electrode active material layer. Examples of the
binder may be polyvinylidene fluoride (PVDF), polyvinyl
alcohol, carboxymethylcellulose (CMC), starch, hydroxy-
propylcellulose, regenerated cellulose, polyvinylpyrroli-
done, tetrafluoroethylene, polyethylene, polypropylene, an
cthylene-propylene-diene polymer (EPDM), a sulfonated-
EPDM, a styrene-butadiene rubber, a fluoro rubber, and
various copolymers thereof.

The conductive agent 1s a component for further improv-
ing conductivity of the negative electrode active material,
wherein the conductive agent may be added 1n an amount of
10 wt % or less, for example, 5 wt % or less based on the
total weight of the negative electrode active material layer.
The conductive agent 1s not particularly limited as long as 1t
has conductivity without causing adverse chemical changes
in the battery, and, for example, a conductive material such
as: graphite such as natural graphite or artificial graphaite;
carbon black such as acetylene black, Ketjen black, channel
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black, furnace black, lamp black, and thermal black; con-
ductive fibers such as carbon fibers or metal fibers; metal
powder such as fluorocarbon powder, alumimnum powder,
and nickel powder; conductive whiskers such as zinc oxide
whiskers and potasstum titanate whiskers; conductive metal
oxide such as titamium oxide; or polyphenylene derivatives
may be used.

The negative electrode active material layer may be
prepared by coating a composition for forming a negative
clectrode, which 1s prepared by dissolving or dispersing
selectively the binder and the conductive agent as well as the
negative electrode active material mm a solvent, on the
negative electrode collector and drying the coated negative
clectrode collector, or may be prepared by casting the
composition for forming a negative electrode on a separate
support and then laminating a film separated from the
support on the negative electrode collector.

The negative electrode active material layer may have a
single layer structure or may have a multilayer structure in
which two or more layers are stacked. For example, the
negative electrode may include a negative electrode collec-
tor, a first negative electrode active material layer formed on
the negative electrode collector, and a second negative
clectrode active material layer formed on the first negative
clectrode active material layer, wherein the first negative
clectrode active material layer and the second negative
clectrode active material layer may have different compo-
sitions from each other.

For example, the first negative electrode active material
layer may include natural graphite among all negative
clectrode active matenals included in the first negative
clectrode active material layer 1n an amount of 5 wt % to 100
wt %, for example, 80 wt % to 100 wt %, and the second
negative electrode active material layer may include soft
carbon among all negative electrode active materials
included 1n the second negative electrode active material
layer 1n an amount of 15 wt % to 95 wt %, for example, 15
wt % to 65 wt %. When the negative electrode having the
above structure 1s used, processability may be improved by
an improvement 1n electrode adhesion, and a battery having
excellent high-temperature storage characteristics as well as
excellent fast charging performance and resistance perfor-
mance may be prepared.

The negative electrode may have a loading amount of 300
mg/25 cm® to 500 mg/25 cm?, for example, 300 mg/25 cm?
to 400 mg/25 cm”. When the loading amount of the negative
clectrode satisfies the above range, the process may be
tacilitated by ensuring suflicient electrode adhesion, a bat-
tery having excellent fast charging performance and resis-
tance performance may be achieved, and energy density may
be maximized.

In the lithium secondary battery, the separator separates
the negative electrode and the positive electrode and pro-
vides a movement path of lithtum 1ons, wherein any sepa-
rator may be used as the separator without particular limi-
tation as long as 1t 1s typically used in a lithium secondary
battery, and particularly, a separator having high moisture-
retention ability for an electrolyte as well as low resistance
to the transfer of electrolyte 1ons may be used. Specifically,
a porous polymer film, for example, a porous polymer film
prepared from a polyolefin-based polymer, such as an eth-
ylene homopolymer, a propylene homopolymer, an ethyl-
ene/butene copolymer, an ethylene/hexene copolymer, and
an ethylene/methacrylate copolymer, or a laminated struc-
ture having two or more layers thereof may be used. Also,
a typical porous nonwoven fabric, for example, a nonwoven
tabric formed of high melting point glass fibers or polyeth-
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ylene terephthalate fibers may be used. Furthermore, a
coated separator including a ceramic component or a poly-
mer material may be used to secure heat resistance or
mechanical strength, and the separator having a single layer
or multilayer structure may be selectively used.

Also, as the electrolyte used in the present invention, an
organic liquid electrolyte, an inorganic liquid electrolyte, a
solid polymer electrolyte, a gel-type polymer electrolyte, a
solid 1morganic electrolyte, or a molten-type 1norganic elec-
trolyte, which 1s usable 1n a lithium secondary battery, may
be used, and the electrolyte 1s not particularly limited.

Specifically, the electrolyte may include an organic sol-
vent and a lithium salt.

Any organic solvent may be used as the organic solvent
without particular limitation so long as 1t may function as a
medium through which 1ons mvolved 1n an electrochemical
reaction of the battery may move. Specifically, an ester-
based solvent such as methyl acetate, ethyl acetate, v-buty-
rolactone, and e-caprolactone; an ether-based solvent such
as dibutyl ether or tetrahydrofuran; a ketone-based solvent
such as cyclohexanone; an aromatic hydrocarbon-based
solvent such as benzene and fluorobenzene; or a carbonate-
based solvent such as dimethyl carbonate (DMC), diethyl
carbonate (DEC), methylethyl carbonate (MEC), ethylm-
cthyl carbonate (EMC), ethylene carbonate (EC), and pro-
pylene carbonate (PC); an alcohol-based solvent such as
cthyl alcohol and 1sopropyl alcohol; mitriles such as Ra-CN
(where Ra 1s a linear, branched, or cyclic C2-C20 hydro-
carbon group and may include a double-bond aromatic ring
or ether bond); amides such as dimethylformamide; dioxo-
lanes such as 1,3-dioxolane; or sulfolanes may be used as the
organic solvent. Among these solvents, the carbonate-based
solvent may be used, and, for example, a mixture of a cyclic
carbonate (e.g., ethylene carbonate or propylene carbonate)
having high 1onic conductivity and high dielectric constant,
which may increase charge/discharge performance of the
battery, and a low-viscosity linear carbonate-based com-
pound (e.g., ethylmethyl carbonate, dimethyl carbonate, or
diethyl carbonate) may be used. In this case, the perfor-
mance of the electrolyte solution may be excellent when the
cyclic carbonate and the chain carbonate are mixed 1n a
volume ratio of about 1:1 to about 1:9.

Any lithrum salt typically used in an electrolyte solution
for a Iithtum secondary battery may be used as the lithium
salt without limitation, and, for example, the lithium salt
may include Li* as a cation, and may include at least one
selected from the group consisting of F~, CI™, Br™, 1", NO3‘,,
N(CN),~, BF,~, Cl10,, AlO,~, AICl,~, PF B SbF , AsF ",
BF.C,O0,”, BC,0.,", PF,C,O,”, PF 03_: (CF3)2 F,~,
(CF3)3 PF,™, (CF;),PF,7, (CFS)SPF_: (CF3)6P™, CF35057,
C,F;SO,”, CF,CF,SO;7, (CF;S0,),N", (FSO,),N",
CF,CF,(CF,),CO™, (CF,;S0.,),CH™, (SF;),C~, (CF;S0,),
C, CF;(CF,),S0;7, CF;CO,~, CH;CO,”, SCN~, and
(CF,CF,SO,),N™ as an anion. Specifically, the lithium salt
may include a single material selected from the group
consisting of LiCl, LiBr, Lil, Li1ClO,, LiBF,, LiBlo(Cl,,,
L1PF, L1CF;SO,;, LiCH,CO,, LiCF;CO,, LiAsF, LiSbF,,
[1AICL,, L1AlIO,, and LiCH,SO;, or a mixture of two or
more thereof.

The lithium salt may be appropriately changed in a
normally usable range, but may specifically be included in
a concentration of 0.8M to 3 M, for example, 0.1 M to 2.5
M 1n the electrolyte solution.

In order to improve life characteristics of the battery,
suppress the reduction in battery capacity, and improve
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discharge capacity of the battery, various additives may be
used 1n the electrolyte, 1n addition to the electrolyte com-

ponents.

Also, an additive may be further included 1n the electro-
lyte, 1I necessary. As the additive, for example, a halo-
alkylene carbonate-based compound such as ditluoroethyl-
ene  carbonate; or  pyndine, triethylphosphite,
triethanolamine, cyclic ether, ethylenediamine, n-glyme,
hexaphosphorictriamide, a nitrobenzene derivative, sultfur, a
quinone 1mine dye, N-substituted oxazolidinone, N,N-sub-
stituted 1midazolidine, ethylene glycol dialkyl ether, an
ammonium salt, pyrrole, 2-methoxy ethanol, or aluminum
trichloride may be included, and the additives may be used
alone or as a mixture thereof. In this case, the additive may
be mcluded 1n an amount of 0.1 wt % to 5 wt % based on
a total weight of the electrolyte.

The above-described lithium secondary battery according,
to the present invention may be suitable for portable devices,
such as mobile phones, notebook computers, and digital
cameras, and electric cars such as hybnd electric vehicles
(HEVs).

Thus, according to another embodiment of the present
invention, a battery module including the lithium secondary
battery as a unit cell and a battery pack including the battery
module are provided.

The battery module or the battery pack may be used as a
power source of at least one medium and large sized device
of a power tool; electric cars including an electric vehicle
(EV), a hybnd electric vehicle, and a plug-1n hybnid electric
vehicle (PHEV); or a power storage system.

A shape of the lithium secondary battery of the present
invention 1s not particularly limited, but a cylindrical type
using a can, a prismatic type, a pouch type, or a coin type
may be used.

The lithtum secondary battery according to the present
invention may not only be used 1n a battery cell that 1s used
as a power source of a small device, but may also be used
as a unit cell in a medium and large sized battery module
including a plurality of battery cells.

Heremaftter, the present invention will be described 1n
detail, according to specific examples. The mvention may,
however, be embodied 1n many different forms and should
not be construed as being limited to the embodiments set
forth herein. Rather, these example embodiments are pro-
vided so that this description will be thorough and complete,
and will fully convey the scope of the present invention to
those skilled 1n the art.

EXAMPLES

Preparation Example 1

MnSO,, and L1,CO; were mixed 1n a weight ratio of 99:1,
and MnSO,-7H,O including 2 M L1,CO, was then prepared
using distilled water subjected to N, purging. The prepared
MnSO,-7H,O including L1,CO, was introduced 1nto a con-
tinuous stirred tank reactor (CSTR, product name: CSTR-
L.O, manufacturer: EMS Tech) at a rate of 250 mL/h. A pH
value of the solution was maintained to be 10.5 using a pH
meter and a controller while introducing a 40% sodium
hydroxide aqueous solution, as an alkalizing agent, at a rate
of 10 mL/h through a sodium hydroxide aqueous solution
supply unit of the reactor and a 25% ammonia solution at a
rate of 30 mL/h through an ammonia solution supply unit of
the reactor. A temperature of the reactor was set to be 40° C.,
a retention time (RT) was controlled to be 10 hours, and
stirring was performed at a speed of 1,200 rpm to precipitate
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as Mn;O, including Li. After the reaction solution thus
obtained was filtered through a filter and purified with
distilled water, an additional process of drying was per-
formed to prepare a Li-doped manganese precursor,
(Mg, g5L16,04)3 04

The above-prepared Li-doped manganese precursor and a

lithium raw matenial, L1,CO,,were mixed in a molar ratio of
1:0.75 and then sintered at 810° C. for 14 hours to obtain a

lithium manganese oxide, LiL; ,(Mn, 4,11, 55)O..

Preparation Example 2

MnSQO,, and [1,CO, and Al,(S0O,),, as doping elements,
were mixed 1n a weight ratio of 95:0.5:4.5 to prepare a Li
and Al-doped manganese precursor, (IMn,, o<1, o, sAl; 5-2)3
O,.

A process was performed 1 the same manner as in
Preparation Example 1 except that the above-prepared L
and Al-doped manganese precursor and a lithium raw mate-
rial were mixed and sintered to prepare a lithium manganese

oxide, Li{Mn, o,.1.1, ncAlj 056)O04.

Preparation Example 3

MnSQO,, and L1,CO, and MgSQO,, as doping elements,

were mixed 1n a weight ratio of 98:0.5:1.5 to prepare a Li
and Mg-doped manganese precursor,
(Mng 661116 021 Mg 018)304-

A process was performed 1n the same manner as in
Preparation Example 1 except that the above-prepared Li
and Mg-doped manganese precursor and a lithium raw
material were mixed and sintered to prepare a lithium
manganese oxide, LiiMn; ¢,-1.15 04-MEZq 036)O.4.

Preparation Example 4

MnSO,, and L1,CO,,AlL,(SO,),, and MgSO,,, as doping
clements, were mixed 1n a weight ratio o1 96.4:0.5:2.3:0.8 to
prepare a L1, Al, and Mg-doped manganese precursor,
(Mng 06110 02Alg 01 M80.01)304.

A process was performed 1n the same manner as in
Preparation Example 1 except that the above-prepared Lai,
Al, and Mg-doped manganese precursor and a lithium raw
material were mixed and sintered to prepare a lithium
manganese oxide, LiiMn, o,L1, ,,Al; 5-Mg, 4,)O..

Preparation Example 5

MgSQO,, mstead of L1,CO,, was used as a doping element
to prepare a Mg-doped manganese  precursor,
(Mng 66Mgg 04)204.

A process was performed 1n the same manner as in
Preparation Example 1 except that the above-prepared Mg-
doped manganese precursor and a lithium raw material were

mixed and sintered to prepare a lithium manganese oxide,
L1, o (Mn; 6,Mgg 55)O,.

Preparation Example 6

Al (S0,),, instead of L1,CO;, was used as a doping
clement to prepare an Al-doped manganese precursor,
(Mng 66Al5.04)304.

A process was performed 1n the same manner as in
Preparation Example 1 except that the above-prepared Al-
doped manganese precursor and a lithium raw material were
mixed and sintered to prepare a lithium manganese oxide,

Lil .D(Mnl .QZAID.D 8)04‘
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Example 1

5,000 ppm of WO, was added to 100 parts by weight of
the lithium manganese oxide prepared by Preparation
Example 1, mixed, and then sintered at 600° C. for 5 hours
to obtain lithium manganese-based positive electrode active
material A on which a coating layer including W was
formed.

The positive electrode active matenial A, a carbon black
conductive agent, and a PVdF binder were mixed 1n a weight
ratio of 95:2.5:2.5 1 an N-methylpyrrolidone solvent to
prepare a positive electrode material mixture. An aluminum
current collector was coated with the positive electrode
material mixture, dried at 130° C., and then rolled to prepare
a positive electrode, and a coin cell was prepared using the
positive electrode.

Example 2

A comn cell was prepared in the same manner as 1n
Example 1 except that 3,000 ppm of H,BO, was added to
100 parts by weight of the lithium manganese oxide pre-
pared by Preparation Example 1 and mixed.

Example 3

A com cell was prepared in the same manner as 1n
Example 1 except that the lithium manganese oxide pre-
pared by Preparation Example 2 was used as a positive
clectrode active material.

Example 4

A coin cell was prepared in the same manner as 1in
Example 1 except that the lithium manganese oxide pre-
pared by Preparation Example 3 was used as a positive
clectrode active material.

Example 5

A comn cell was prepared in the same manner as 1n
Example 1 except that the lithium manganese oxide pre-
pared by Preparation Example 4 was used as a positive
clectrode active material.

Comparative Example 1

A comn cell was prepared in the same manner as 1n
Example 1 except that the lithium manganese oxide pre-
pared by Preparation Example 1 was used as a positive
clectrode active material.

Comparative Example 2

A comn cell was prepared in the same manner as 1n
Example 1 except that the lithium manganese oxide pre-
pared by Preparation Example 5 was used.

Comparative Example 3

A comn cell was prepared in the same manner as 1n
Example 1 except that the lithium manganese oxide pre-
pared by Preparation Example 6 was used.

Experimental Example 1
Manganese Dissolution Test

An amount of manganese dissolution of each of the coin
cells prepared by Examples 1 to 5 and Comparative
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Examples 1 to 3 was measured. Specifically, each coin cell
was charged and discharged once, and then fully discharged
to 3.0 V. Subsequently, the coin cell was disassembled and
kept sealed 1n 4 mL of an electrolyte solution for 4 weeks,
and an amount of Mn dissolved 1n the electrolyte solution
was measured by inductively coupled plasma (ICP) analysis.
In this case, the electrolyte solution was prepared by dis-
solving 1 M Li1PF, 1n an organic solvent, in which ethylene
carbonate:dimethyl carbonate:diethyl carbonate were mixed

in a volume ratio of 1:2:1, and mixing 2 wt % of vinylene
carbonate therewith.
The measurement results are shown 1n Table 1 below.

TABLE 1

Manganese dissolution amount (ppm)

Example 1 40
Example 2 76
Example 3 05
Example 4 60
Example 5 03
Comparative Example 1 128
Comparative Example 2 125
Comparative Example 3 83

As 1llustrated 1 Table 1, the amounts of manganese
dissolution in the lithium manganese oxides prepared in
Examples 1 to 5 were significantly smaller than those of
Comparative Examples 1 to 3.

Experimental Example 2

High-temperature Life Characteristics

Life characteristics at high temperature were measured for
the coin cells prepared 1n Examples 1 to 5 and Comparative
Examples 1 to 3.

Specifically, each of the lithium secondary batteries pre-
pared 1n Examples 1 to 5 and Comparative Examples 1 to 3
was charged at a constant current of 1 C to 4.3 V at 45° C.
and cut-off charged at 0.05 C. Subsequently, each lithium
secondary battery was discharged at a constant current of 1
C to a voltage of 3 V.

The charging and discharging behaviors were set as one
cycle, and, after this cycle was repeated 200 times, high-
temperature (43° C.) life characteristics according to
Examples 1 to 5 and Comparative Examples 1 to 3 were

measured, and the results thereof are presented i1n Table 2
and FIG. 1 below.

TABLE 2

Capacity retention Resistance increase rate
(%) (7o)

Example 1 92.3 14%
Example 2 83.5 198
Example 3 80.3 1 8%
Example 4 R2.7 183
Example 5 81.4 185
Comparative Example 1 69.2 245
Comparative Example 2 71.2 239
Comparative Example 3 79.2 215

As 1llustrated 1n Table 2 and FIG. 1, with respect to the
comn cells mcluding the spinel-structured lithium manga-
nese-based positive electrode active materials prepared in
Examples 1 to 5, 1t may be confirmed that capacity reten-
tions and resistance increase rates according to cycles at
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high temperature were significantly better than those of the
coin cells including the lithium manganese-based positive
clectrode active materials prepared 1 Comparative
Examples 1 to 3.

Experimental Example 3
High-temperature Storage Characteristics

Storage characteristics at high temperature were mea-
sured for the coin cells prepared 1n Examples 1 to 5 and
Comparative Examples 1 to 3.

Specifically, each of the coin cells prepared in Examples
1 to 5 and Comparative Examples 1 to 3 was fully charged
to 4.3 V and then stored at 60° C. for 4 weeks. Each coin cell
was charged at a constant current of 0.1 C to 4.3 V and then
discharged at a constant current of 0.1 C to a voltage of 3.0
V after every one week while being stored for 4 weeks,
discharge capacity and resistance in this case were mea-
sured, and the results thereol are presented 1n Table 3 and

FIG. 2 below.

TABLE 3
Capacity retention Resistance increase rate

(o) (o)
Example 1 90.3 167
Example 2 77.6 224
Example 3 80.8 199
Example 4 83.3 189
Example 5 82.1 194
Comparative Example 1 65.8 267
Comparative Example 2 70.1 254
Comparative Example 3 75.1 234

As 1llustrated 1n Table 3 and FIG. 2, with respect to the
comn cells including the spinel-structured lithium manga-
nese-based positive electrode active materials prepared in
Examples 1 to 5, it may be confirmed that capacity reten-
tions and resistance increase rates during storage for 4 weeks
at a high temperature (60° C.) were significantly better than
those of the coin cells including the lithium manganese-
based positive electrode active materials prepared in Com-
parative Examples 1 to 3.

The mnvention claimed 1s:
1. A spinel-structured lithium manganese-based positive
clectrode active material comprising:
a lithium manganese oxide represented by Formula 1; and
a coating layer which 1s disposed on a surface of the
lithium manganese oxide,
wherein the coating layer includes:

Li;, Mn, MO, A, [Formula 1]

wherein, in Formula 1,

M' is lithium (Li) and optionally at least one other
metallic element, A 1s at least one element selected
from the group consisting of F, chlorine (Cl), bromine
(Br), 10dine (1), astatine (At), and S, 0=a=0.2, 0<b=0.3,
and 0=c=0.1.

2. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 1, wherein the doping
element M' further comprises at least one metallic element
selected from the group consisting of Al, Mg, Zn, B, W, Ni,
Co, Fe, Cr, V, ruthemmum (Ru), Cu, cadmium (Cd), silver
(Ag), yttrium (YY), scandium (Sc), gallium (Ga), indium (In),
arsenic (As), Sb, platinum (Pt), gold (Au), and Si.



US 11,532,807 B2

25

3. The spinel-structured lithium manganese-based posi-
tive electrode active matenial of claim 2, further comprising
a lithrum boron composite oxide and a lithium tungsten
composite oxide.

4. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 1, wherein the doping
element M' further comprises at least one metallic element
selected from the group consisting of Al and Mg.

5. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 1, wherein the lithium
manganese oxide 1s represented by Formula 1-1:

wherein, 1n Formula 1, M“ 1s at least one metallic element
selected from the group consisting of Al and Mg,
O<a<0.2, 0<b=bl+b2<0.5, 0=c=0.1, and O=<b1/b2<1.3.

6. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 1, wherein the coating,
layer has a thickness of 1 nm to 1,000 nm.

7. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 1, wherein the lithium
manganese-based positive electrode active material has an
average particle diameter (D.,) of 1 um to 20 um.

8. The spinel-structured lithtum manganese-based posi-
tive electrode active material of claim 1, wherein the lithium
manganese-based positive electrode active material has a
specific surface area of 0.1 m®/g to 1.5 m*/g.

9. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 1, wherein the lithium
manganese-based positive electrode active material 1s 1n a
form of a primary particle or a secondary particle formed by
agglomeration of a plurality of primary particles.
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10. The spinel-structured lithium manganese-based posi-
tive electrode active material of claim 9, wherein the sec-
ondary particle 1s formed by agglomeration of 2 to 50
primary particles.

11. A positive electrode comprising a positive electrode
collector, and a positive electrode active material layer
formed on the positive electrode collector,

wherein the positive electrode active material layer com-

prises the spinel-structured lithhum manganese-based
positive electrode active material of claim 1.

12. The positive electrode of claim 11, wherein the
positive electrode active material layer further comprises a
lithium nickel-cobalt-manganese-based positive electrode
active material represented by Formula 2:

Li; Ni,Co,Mn,M* 0O, B

v 2—pp

[Formula 2]

wherein, in Formula 2, M~ is at least one element selected
from the group consisting of tungsten (W), copper
(Cu), 1iron (Fe), vanadium (V), chromium (Cr), titanium
(T1), zZtrcomium (Zr), zinc (Zn), aluminum (Al), indium
(In), tantalum (Ta), yttrium (Y ), lanthanum (LLa), stron-
ttum (Sr), galllum (Ga), scandium (Sc), gadolinium
(Gd), samarium (Sm), calcium (Ca), cerium (Ce), nio-
bium (Nb), magnesium (Mg), boron (B), and molyb-
denum (Mo), B 1s at least one element selected from the
group consisting of fluorine (F), chlorine (Cl), bromine
(Br), 1odine (1), astatine (At), and sulfur (S), 0=x=<0.3,
0.50=y<1, 0<z<0.35, O<w<0.35, 0O=v=0.1, and
O=p=0.1.

13. A lithium secondary battery comprising the positive

clectrode of claim 11.
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